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(54) Water-laden solid matter of vapor-phase processed inorganic oxide particles and slurry for
polishing and manufacturing method of semiconductor devices

(57)  Water-laden solid matter is provided which is
obtained by adding 40 to 300 weight parts of water to
100 weight parts of inorganic oxide particles synthe-
sized by fumed process or metal evaporation oxidation
process, slurry for polishing is provided which is manu-
factured by using the water-laden solid matter, and a
method for manufacturing a semiconductor device
using the above slurry.

Said water-laden solid matter is within a range of
0.3to3 g/cm3 in bulk density and within a range of 0.5
to 100 mm@ in average particle size when manufac-
tured granular.

Said slurry for polishing is manufactured from the
water-laden solid matter, and the average particle size
thereof after being dispersed in water is within a range
of 0.05 to 1.0um.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to water-laden
solid matter of inorganic oxide particles which are syn-
thesized by vapor phase process (hereinafter referred
to as "vapor-phase processed inorganic oxide parti-
cles"), slurry for polishing which is manufactured from
such water-laden solid matter and used for the manu-
facture of semiconductor devices such as VLSI, and
manufacturing method for manufacturing semiconduc-
tor devices using the slurry. The water-laden solid mat-
ter according to the present invention is so high in bulk
density as to be easy in storage, transport, etc. The
slurry for polishing according to the present invention is
so high in stability as to be free from problems such as
increase in viscosity, gelation and separation and pre-
cipitation during storage.

BACKGROUND OF THE INVENTION

[0002] Recently, slurry which is obtained by dis-
persing the vapor-phase processed inorganic oxide par-
ticles in the water has been used for polishing
semiconductor devices such as VLSI. Here, the "vapor-
phase processed inorganic oxide particles" refers in
case of silica, for example, to inorganic oxide particles
which are synthesized by fumed process for synthesiz-
ing silica by allowing silicon tetrachloride to react with
hydrogen and oxygen and then hydrolyzed (high-tem-
perature flame hydrolysis process) or by vapor phase
process such as Nano-phase Technology's process for
synthesizing inorganic oxides particles by heating a
metal to a temperature above the melting point of such
metal to produce metal steam and allowing such metal
steam to react with oxygen (metal evaporation and oxi-
dation process).

[0003] The vapor-phase processed inorganic oxide
particles, which are raw materials of the slurry for pol-
ishing semiconductor devices, are so fine in particle
size as to be low in bulk density. For example, the bulk
density of silica synthesized by the fumed process is
approx. 0.05 g/cm3, and the bulk density of alumina syn-
thesized by the fumed process is approx. 0.05 g/cm3,
and the bulk density of silica synthesized by the Nano-
phase Technology's process is approx. 0.05 g/cm3.
[0004] As described above, the vapor-phase proc-
essed inorganic oxide particles is so low in bulk density
as to be bulky occupying a large space for storage and
transport, hard to handle and high in cost. For this rea-
son, it has been desired to increase the bulk density of
the vapor-phase processed inorganic oxide particles.
[0005] For increasing the bulk density of the vapor-
phase processed inorganic oxide particles, there is a
method of releasing air from the vapor-phase proc-
essed inorganic oxide particles. However, this method
can increase the bulk density only up to 0.2 g/cm3.
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[0006] For this reason, it has been examined to
store or transport the vapor-phase processed inorganic
oxide particles in the state dispersed in water or any
other liquid. However, there is a problem with this
method that the aqueous dispersed matter of the vapor-
phase processed inorganic oxide particles is unstable
with extremely quick flocculation. For the stable storage
of the aqueous dispersed matter of the vapor-phase
processed inorganic oxide particles, it may be possible
to adjust the pH of the aqueous dispersed matter or add
some dispersant. However, if these methods are used,
the aqueous dispersed matter of the vapor-phase proc-
essed inorganic oxide particles may be limited in use
after the adjustment of the pH or the addition of some
dispersant.

[0007] Equipment for manufacturing the slurry for
polishing semiconductor devices may be installed within
clean rooms or clean booths to avoid the mixture of dirt
or the like. However, this cause a problem that the
vapor-phase processed inorganic oxide particles, which
are raw materials of the slurry for polishing, are so fine
as to easily float in the air in the state of dust and lower
the degree of cleanliness of the clean rooms or clean
booths. To solve this problem, it has been desired to
take measures so that the vapor-phase processed inor-
ganic oxide particles cannot float in the air in the state of
dust.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to
increase the bulk density of the vapor-phase processed
inorganic oxide particles, which are raw materials of the
slurry for polishing, to make the vapor-phase processed
inorganic oxide particles to be suitable to storage and
transport. Another object of the present invention is to
take measures so that the vapor-phase processed inor-
ganic oxide particles cannot float in the air in the state of
dust. Still another object of the present invention is to
manufacture highly stable slurry for polishing semicon-
ductor devices by using the vapor-phase processed
inorganic oxide particles which are suitable to storage
and transport and have been so arranged as not to float
in the air in the state of dust. And still another object of
the present invention is to provide manufacturing
method for manufacturing semiconductor devices using
the above slurry.

[0009] The inventors of the current invention ear-
nestly examined these problems for solution, and as
result, found that by adding a specific quantity of water
thereto, the vapor-phase processed inorganic oxide
particles could be increased in bulk density, could be
stably stored for a long time, and could be substantially
reduced in the production of dust, which led to the
present invention.

[0010] The water-laden solid matter according to
the present invention is characterized by being obtained
by adding 40 to 300 weight parts of the water to 100
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weight parts of the inorganic oxide particles synthesized
by vapor phase process.

[0011] The water-laden solid matter according to
the present invention is water-laden solid matter which
is characterized by being obtained by adding 40 to 300
weight parts of the water to 100 weight parts of the inor-
ganic oxide particles synthesized by either the fumed
process (high-temperature flame hydrolysis process) or
the Nano-phase Technology's process (metal evapora-
tion and oxidation process).

[0012] The water-laden solid matter according to
the present invention is characterized by being obtained
by adding 40 to 300 weight parts of the water to 100
weight parts of the inorganic oxide particles synthesized
by either the fumed process or the vapor phase process
such as the Nano-phase Technology's process and
granular matter within a range of 0.3 to 3 g/c:m3 in bulk
density and within a range of 0.5 to 100 mmd in aver-
age particle size.

[0013] Also, the slurry for polishing according to the
present invention is characterized by being obtained by
dispersing the water-laden solid matter prescribed by
any of the above methods in the water so that the aver-
age size of the dispersed particles can be within a range
of 0.05 to 1.0um.

[0014] Also, the manufacturing method according to
the present invention is characterized by manufacturing
semiconductor devices using the above slurry for pol-
ishing. Here, the semiconductor devices reffers to, for
example, polished wafers, various devices having or
equipped with the above wafers, and various devices
manufactured of the above wafers (in other words, vari-
ous devices being mounted on the above wafers), and
the like.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 (a) is a top view schematically illustrating the
principle of a planetary kneader, and Fig. 1 (b) is a
side view thereof;

Fig. 2 (a) is a perspective view schematically illus-
trating a depth type cartridge filter of hollow cylindri-
cal shape, and Fig. 2 (b) is a schematic illustrating
pore structure in the thickness direction and fiber
diameter of the depth type filter;

Fig. 3 (a) is a construction view illustrating an exam-
ple of a filtration system using the depth type filter of
Fig. 2, and Fig. 3 (b) is a perspective view schemat-
ically illustrating the depth type filter of bag shape;
and

Fig. 4 (a) is a schematic cross-sectional view of a
rolling granulator viewed from the front, Fig. 4 (b) is
a descriptive view illustrating force applied to parti-
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cles on a rotary disk at the inner bottom of the roll-
ing granulator, and Fig. 4 (c) is a descriptive view
illustrating the status of rolling of particles on the
rotary disk.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The vapor-phase processed inorganic oxide
particles used in the present invention are synthesized
by the fumed process (high-temperature flame hydroly-
sis process) or the vapor phase process such as the
Nano-phase Technology's process (metal evaporation
and oxidation process), and high in purity. The inorganic
oxide particles synthesized by the fumed process are
high in purity and comparatively inexpensive, and there-
fore preferable.

[0017] Among the vapor-phase processed inor-
ganic oxides used in the present invention are metal
oxides such as silicon oxide, aluminum oxide, titanic
oxide, zirconium oxide, antimony oxide, chromium
oxide, germanium oxide, vanadium oxide, tungsten
oxide, iron oxide, cerium oxide, manganese oxide and
zinc oxide. Of these metal oxides, silicon oxide, alumi-
num oxide, titanic oxide and cerium oxide are prefera-
ble.

Manufacturing Method of Water-laden solid matter

[0018] Any method may be used for obtaining the
water-laden solid matter according to the present inven-
tion by adding 40 to 300 weight parts of water to 100
weight parts of any of the above vapor-phase processed
inorganic oxide particles.

[0019] For example, the water-laden solid matter
according to the present invention can be obtained by
weakly mixing the vapor-phased inorganic oxide parti-
cles in a mixing bath equipped with a mixer while adding
water little by little. If the mixing motion is too strong, the
water-laden solid matter of the vapor-phased inorganic
oxides become slurried, which is not preferable. For this
reason, when obtaining the water-laden solid matter by
the mixing, it is necessary to pay attention to the
strength of the mixing not to be too strong.

[0020] Among the granulators of mixing type for
obtaining the water-laden solid matter by mixing are
Flow Jet Granulator manufactured by Okawara Sei-
sakusho Co., Ltd. and High-speed Mixing Type Mix-
ers/Granulators Models NMG-P, NMG-H and NMG-L
manufactured by Nara Macinery Co., Ltd.

[0021] Among the methods of manufacturing the
water-laden solid matter according to the present inven-
tion without using any mixer are a method using a rolling
granulator and a method using a planetary granulator.
[0022] The construction of the rolling granulator is
schematically illustrated in Fig. 4 (a). The rolling granu-
lator has a rotary disk 52 at the inner bottom of a cylin-
der 51. This granulator granulates the vapor-phase
processed inorganic oxide particles by supplying the
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vapor-phase processed inorganic oxide particles onto
the rotary disk 52 while supplying water in spray or in
any other form. The angle, rotational speed and depth
of the rotary disk 52 are properly set, grooves are made
in the top of the rotary disk 52, if necessary, and the
depth, shape, direction, interval, etc. of such grooves
are properly fixed. By such proper arrangement, the
particles of the vapor-phase processed inorganic oxides
can become uniform in size. Fig. 4 (b) illustrates forces
applied to each particle on the rotary disk 52, and Fig. 4
(c) illustrates the rolling status of a specific particle. To
the vapor-phase processed inorganic oxide particles
which are granulated into particles of irregular sizes by
being supplied onto the rotary disk 52 and supplied with
water in spray are applied forces in the rotational (tan-
gent) direction of the rotary disk 52 and forces in the
centrifugal (radial) direction. By being applied these
forces, the vapor-phase processed oxide particles of
irregular size repeat motions of being thrown in the
direction of resultant force A, bumped against the inside
wall of the cylinder 51, thrown to the inner direction, and
bumped against the inside wall of the cylinder 51 again.
That is, due to the rotation of each particle and the rev-
olution of all particles in unity, the vapor-phase proc-
essed inorganic oxide particles repeat eddy motions like
the twisting of a rope. During these motions, the vapor-
phase processed oxide particles are bumped against
the grooves in the revolving disk 52, thereby shocked
and sheared, and gradually shaped spherical. In this
way, the granular matter comparatively uniform in parti-
cle size can be obtained.

[0023] Among the rolling granulators are Marumer-
izer manufactured by Fuji Paudal Co., Ltd. and Kurimoto
Pan Type Granulator manufactured by Kurimoto Iron
Works Co., Ltd. The rolling granulator is available in 2
types: a type for continuously obtaining the granular
matter, and a type for obtaining the granular matter in
batch.

[0024] A fluidized bed type granulator continuously
supplies the vapor-phase processed inorganic oxide
particles onto a fluidized bed formed by air blow, have
them come in contact with atomized minute particles of
water and thereby condense and granulate the vapor-
phase processed inorganic oxide particles. Among the
fluidized bed type granulators is Mixgrade manufactured
by Okawara Seisakusho Co., Ltd.. The dry process of
this granulator is not used.

[0025] These equipment should preferably be pro-
vided with a lining or coating of polyurethane, Teflon,
epoxy resin or the like or a ceramics lining of zirconia or
the like on the liquid and particle contacting portions to
minimize metal contamination, if necessary.

[0026] Each of the above granulators can be used
for obtaining granular matter as the water-laden solid
matter according to the present invention. However, the
water-laden solid matter according to the present inven-
tion should not be limited to being granular but may be
shaped, for example, in plate or in lump.
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[0027] When the water-laden solid matter accord-
ing to the present invention is granular, the average par-
ticle size thereof should be within a range of 0.5 to 100
mm, preferably be within a range of 1 to 30 mmg,
more preferably be within a range of 2 to 20 mm &. If the
particle size is smaller than 0.5mmJ, there is a problem
that the fluidity of the particles is so low that the han-
dling of the particles for measurement or transfer is dif-
ficult. On the other hand, if the particle size is larger
than 100 mmd, there is a problem that the particles are
quickly cracked during the handling thereof, the parti-
cles do not fluidized, and the handling of the particles for
measurement or transfer is difficult.

[0028] When the water-laden solid matter accord-
ing to the present invention is made granular, the bulk
density thereof should preferably be within a range of
0.3t03 g/cm3, more preferably be within a range of 0.4
to2 g/cm3 and particularly preferably be within a range
of 0.4 to 1.5 g/cm?. If the bulk density is lower than 0.3
g/cm3, there is a problem that fine particles are easily
produced. On the other hand, if the bulk density is
higher than 3 g/cm3, there is a problem that the particles
are hard to be fluidized, and the handling of the particles
for measurement or transfer is difficult.

[0029] As the water for use in manufacturing the
water-laden solid matter according to the present inven-
tion, ion-exchanged water or the like having a required
purity may be used. The quantity of this water depends
on the type of the vapor-phase processed inorganic
oxide particles, the average particle size of the primary
particles thereof, specific surface area, etc. However,
the quantity of this water against 100 weight parts of the
vapor-phased inorganic oxide particles should be within
a range of 40 to 300 weight parts, preferable be within a
range of 50 to 200 weight parts, and more preferably be
within a range of 60 to 150 weight parts. If the average
particle size of the vapor-phase processed inorganic
oxide particles, which are the raw materials of the
water-laden solid matter according to the present inven-
tion, is so small that the specific surface area thereof is
large, the quantity of the water should be increased. If
the quantity of the water is smaller than 40 weight parts,
the required water-laden solid matter may not be
obtained or even if the water-laden solid matter is
obtained, the bulk density thereof may not be increased.
Also, if the quantity of the water is smaller than 40
weight parts, a large quantity of dust is produced during
the handling of the manufactured matter, which is not
preferable. On the other hand, if the quantity of the
water exceeds 300 weight parts, the manufactured mat-
ter cannot become solid, which is not preferable, either.
[0030] If necessary and if there is no problem with
any uses after manufacture, the water-laden solid mat-
ter according to the present invention may be added
with acid or alkali.
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Manufacturing Method for the Slurry for Polishing

[0031] By mixing the water-laden solid matter
according to the present invention with a water-base
medium added for the required quantity within a mixing
bath of a kneader which is made to rotate by the rotation
of sub-spindles made to rotate by a main spindle while
mixing blades are made to rotate by the rotation of the
sub-spindles, the slurry for polishing according to the
present invention can be obtained. Here, the method of
making the sub-spindles rotate by the main spindle
while the mixing blades are made to rotate by the rota-
tion of the sub-spindles is generally called "planetary
method."

[0032] Fig. 1 schematically illustrates the planetary
kneader. Fig. 1 (a) is a top view thereof, and Fig. 1 (b) is
a side view thereof. As shown in this figure, provided
within a mixing bath 10 of the planetary kneader are
mixing blades 11a which rotate around a sub-spindle a
in the direction indicated by an arrow, mixing blades 11b
which rotate around a sub-spindle b in the direction indi-
cated by an arrow, and a main spindle ¢ which make
these two sub-spindles a and b rotate in the direction
indicated by an arrow. That is, the planetary kneader is
so constructed that each pair of mixing blades rotate on
their own axis around the sub-spindle thereof, and at
the same time, each sub-spindle revolves around the
main spindle.

[0033] As the mixing blades 11a and 11b con-
structed as described above move with complicated
loci, the fluid within the mixing bath is uniformly
kneaded, flocculated matter is sufficiently divided, and
as a result, a large quantity of powder can be efficiently
dispersed in a comparatively small quantity of liquid.
[0034] Fig. 1 shows a case where two sub-spindles
a and b are provided. However, the number of sub-spin-
dles may be 1 or 3 or more. When a plurality of sub-
spindles are provided, each sub-spindle may be pro-
vided at regular intervals or at irregular intervals.
[0035] Fig. 1 shows that two mixing blades are pro-
vided in a pair per sub-spindle. However, the number of
mixing blades may be 1 or 3 or more in a pair. Further-
more, it may be so arranged that a high-speed rotary
blade is provided coaxially or hetero-axially with the
sub-spindle of the mixing blades in addition to the mix-
ing blades to improve the efficiency of the division and
dispersion of the flocculated matter.

[0036] Fig. 1 shows that the main spindle ¢ and the
sub-spindles a and b rotate counterclockwise viewed
from the above. However, it may be so arranged that the
main spindle and the sub-spindles rotate in different
directions from each other to change the loci of the mix-
ing blades.

[0037] Fig. 1 shows that the mixing blades 11a and
11b is shaped to be curved between both ends thereof
and at the same time twisted or wrenched. However, as
long as the mixing blades can uniformly knead the fluid
within the mixing bath, sufficiently divide the flocculated
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matter, and as a result efficiently disperse a large quan-
tity of powder in a comparatively small quantity of liquid,
the mixing blades may take any other shapes.

[0038] Among the planetary kneaders which can
satisfy the above requirements are Universal Mixer/Stir-
rer manufactured by Dalton Co., Ltd., Universal Mixer
manufactured by Powlex Co., Ltd., KPM Power Mix
manufactured by Kurimoto Iron Works Co., Ltd., Plane-
tary Kneader/Mixer manufactured by Ashizawa Co.,
Ltd., T. K. Hibis Disperse Mix manufactured by Tokushu
Kiko Co., Ltd., and Planetary Disper manufactured by
Asada Iron Works Co., Ltd. which can be favorably
used. In particular, Planetary Disper and T. K. Hibis Dis-
per Mix, each of which has a combination of mixing
blades rotating on their own axes and revolving around
the main spindle with a high-speed rotary blade (dis-
per), are favorable for the reason that these kneaders
can uniformly disperse a large quantity of powder in a
comparatively small quantity of liquid within a short
time.

[0039] Concentration of the Water-laden solid mat-
ter in the Slurry for Polishing during Dispersion:

The concentration of the water-laden solid matter in the
slurry for polishing during dispersion, which is manufac-
tured from the water-laden solid matter according to the
present invention, should be within a range of 30 to 70
wt%, preferably be within a range of 35 to 60wt%, and
more preferably be within a range of 40 to 50wt%. If the
concentration of the water-laden solid matter is less
than 30wt%, there would be a large quantity of floccu-
lated matter left over, and this would cause a problem
that the flocculated matter would precipitate or separate
or the viscosity of the slurry for polishing would increase
and gelled. On the other hand, if the concentration of
the water-laden solid matter is more than 70wt%, too
much load on the kneader would stop the mixing opera-
tion thereof and if the mixing operation is forcedly con-
tinued under such large load, excessive dispersion
would be caused and coarse particles of more than
10um would be produced in a large quantity due to re-
flocculation.

Adding Method of the Water-laden solid matter dur-
ing the Manufacture of the Slurry for Polishing

[0040] When manufacturing the slurry for polishing,
it is preferable that the water-laden solid matter should
be mixed while it is continuously or intermittently added
to the water-base medium. If a necessary quantity of
the water-laden solid matter is added at a time in the
first place, there would be a problem that the load on the
kneader is so large that the kneader would stop. There-
fore, it is preferable that the water-laden solid matter is
continuously or intermittently added while monitoring
the current value of (load on) the kneader so that the
load cannot become too much. Among the water-laden
solid matter supplying equipment is one which transfers
the water-laden solid matter by means of screw.
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[0041] When the water-laden solid matter accord-
ing to the present invention is used for the manufacture
of the slurry for polishing, it is possible to shorten the
time required for adding the water-laden solid matter
and substantially improve the operation efficiency of the
kneader compared to the use of inorganic oxide parti-
cles in the powder state.

Addition of Acid or Alkali to the Slurry

[0042] It is preferable to add acid or alkali to the
slurry obtained by adding the water-laden solid matter
according to the present invention as the stability of the
finally obtained slurry for polishing can be improved.
When acid is added to the slurry, it is preferable that the
pH of the slurry for polishing finally obtained after dilu-
tion should be within a range of 7 to 2. When alkali is
added to the slurry, it is preferable that the pH of the
slurry for polishing finally obtained after dilution should
be within a range of 7 to 12. If the pH is smaller than 2
or larger than 12, there would be a problem that the
inorganic oxide particles would be melted or the parti-
cles would flocculate.

[0043] Acid or alkali may be added to the water-
laden solid matter according to the present invention
with any timing: beforehand, during mixing or after
kneading.

[0044] Among acids which may be added are inor-
ganic acids such as hydrochloric acid, nitric acid, sulfu-
ric acid and phosphoric acid, and organic acids such as
acetic acid, phthalic acid, acrylic acid, methacrylic acid,
crotonic acid, polyacrylic acid, maleic acid and sorbic
acid. It is preferable to use univalent acids such as
hydrochloric acid, nitric acid and sulfuric acid.

[0045] Among alkalis which may be added are inor-
ganic bases such as potassium hydroxide, sodium
hydroxide, lithium hydroxide and ammonia and amines
such as sthylenediamine, triethylamine and piperazine.

Dilution of the Slurry and Others

[0046] It is preferable that the slurry obtained by
using the water-laden solid matter according to the
present invention and the slurry obtained by adding acid
or alkali to said slurry should be diluted after the knead-
ing process. The degree of dilution depends on the type
of the dispersed inorganic oxide particles or the concen-
tration of the water-laden solid matter during kneading.
However, it is preferable to lower the concentration of
the water-laden solid matter by about 5wt% or more
from the concentration of the water-laden solid matter
during the kneading process by adding a water-base
medium. If the concentration of the water-laden solid
matter during the kneading process is not lowered, not
only it is difficult to handle the slurry due to high viscos-
ity but also it is troublesome due to further increase in
viscosity and gelation. As a dilution method, it is prefer-
able to supply a water-base medium directly to the
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kneader due to easiness in taking out the slurry from the
kneader. It may also be so arranged that the slurry is
further dispersed by using another kneader or disperser
after the kneading process to increase the uniformity of
the slurry and obtain the slurry for polishing according to
the present invention. In this case, Cores type high-
speed mixer/disperser, homomixer, high-pressure
homogenizer, thin-film whirling type high-speed mixer or
beads mill can be preferably used.

[0047] In order to increase the resistance to wear
and minimize metal contamination of the slurry for pol-
ishing, it is preferable that the kneader, disperser and
powder supplier referred to in the above should be pro-
vided with a lining of polyurethane, Teflon, epoxy resin
or the like or a ceramic lining of zirconia or the like on
the liquid and powder contact portions such as the inner
wall and the mixing blades.

Other Examples of Equipment Used in the Disper-
sion Process

[0048] In addition to the above-described planetary
equipment, high-pressure homogenizer, for example,
which bumps and disperses the fluid, can be used in the
manufacture process for the slurry for polishing. Among
the high-pressure homogenizers are Mantongaurin
Homogenizer supplied from Doei Shoji Co., Ltd., Verori
Homogenizer manufactured by Nihonseiki Kaisha Ltd.,
Microfluidizer manufactured by Mizuho Industrial Co.,
Ltd., Nanomizer manufactured by Tsukishima Machin-
ery Co., Ltd.,, Genus PY manufactured by Hakusui
Chemical Industries Co., Ltd., System Organizer sup-
plied from Japan B.E.E. Co., Ltd., and Ultimaizer Sys-
tem from Itochu Sanki Co., Ltd. Among the thin-film
whirling type high-speed mixers is Fill Mix manufactured
by Tokushu Kika Co., Ltd. Dispersers such as Beads
Mill may also be used. Among the preferable materials
of beads are non-alkali glass, alumina, zircon, zirconia,
titania and silicon nitride.

[0049] For the manufacture of the slurry for polish-
ing, one type of disperser may be used or two or more
types of dispersers may be used for a plurality of times.
Like the planetary kneader equipment in the above,
when equipment other than the planetary equipment is
used in the disperse process in addition of the planetary
equipment, it is preferable that such equipment should
be provided with a lining of polyurethane, Teflon, epoxy
resin or the like or a ceramic lining of zirconia or the like
on the liquid contact portions such as the inner wall and
the mixing blades to increase the resistance to wear
and minimize metal contamination to the slurry for pol-
ishing.

Filtration of the Slurry for Polishing
[0050] In order to sufficiently remove coarse parti-

cles from the slurry for polishing according to the
present invention, it is preferable to pass the slurry
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through a filter after kneading for the manufacture of the
slurry for polishing. Among the filters applicable for this
purpose are depth type depth cartridge filter and filter
bag type filter. Among the depth cartridge filters are fil-
ters supplied from Advantech Toyo Co., Ltd. and Japan
Pall Co., Ltd. Among the filter bag type filters is filter
supplied from ISP Co., Ltd.

[0051] In the above description, the depth type filer
means an integrated filter in which pores in the filter
material are coarse on the inlet side and fine on the out-
let side and steplessly and stepwisely become finer
from the inlet side toward the outlet side. As the filter
material of the depth type filter is sufficiently thick (e.g.,
0.2 to 2 cm), the depth type filter can collect a large
quantity of foreign matter from the fluid flowing through
the filter material.

[0052] An example of the filter material of the depth
type filter is shown in Fig. 2 (b). As shown in this figure,
the filter material is designed and integrally constructed
to the width of d so that the pores are coarse on the fluid
entry (inlet) side and fine on the fluid discharge (outlet)
side and steplessly or stepwisely (either one step or two
or more steps) become finer from the fluid entry side
toward the fluid discharge side. Due to this construction,
comparatively large particles among of all coarse parti-
cles can be collected near the fluid entry side and com-
paratively small particles among of all coarse particles
can be collected near the discharge side, and as a
while, coarse particles can be collected at each part of
the filter in the thickness direction. As a result, there are
positive effects that coarse particles can be reliably col-
lected, the filter is not likely to be clogged with coarse
particles, and therefore the filter can have a longer serv-
ice life.

[0053] As shown in Fig. 2 (b), it is preferable that the
fibers of the filter material of the depth type filter should
be thick on the fluid entry (inlet) side and thin on the fluid
discharge (outlet) side so that the porosity can be
almost uniform at each part of the filter material from the
fluid entry side to the fluid discharge side. Here, the
porosity means the area ratio of the pores at a cross
section cut at right angles to the fluid passing direction
[(Pores area) /{((Pores area) + (Filter material area)}].
As the porosity is almost uniform at each part of the filter
material from the fluid entry side to the fluid discharge
side, pressure loss during filtration is small, and the con-
ditions of collecting coarse particle are almost uniform
in the direction of the filter depth. Furthermore, a pump
of comparatively low pressure may be used.

[0054] The depth type filter having the above filter
material may be a hollow cylinder type cartridge type fil-
ter 201 as shown in Fig. 2 (a) or a bag type filter 202 as
shown in Fig. 3 (b). The hollow cylinder type filter 201 is
advantageous in that the thickness of the filter material
can be designed to any desired thickness. On the other
hand, the bag type filter 202 is advantageous in that as
it is set within a filter unit 200 (Fig. 3 (a)) so that the fluid
can pass through the bag from the inside of the bag to
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the outside of the bag, collected coarse particles can be
removed as they are in the filter 202 at the time of filter
change.

[0055] When such depth type filter is set within the
filer unit 200 as shown in Fig. 3 (a), for example, coarse
particles can be removed from the slurry after the knead
process. The size of the particles to be removed can be
controlled by properly selecting the filter pore construc-
tion.

[0056] Fig. 3 (a) shows a system, in which the slurry
for polishing is manufactured by adding the water-laden
solid matter according to the present invention to a
water-base medium within a disperser 101 and dispers-
ing such water-laden solid matter in the water-base
medium, such slurry for polishing is stored within a tank
102, then forcedly sent from the tank 102 to the filter unit
200 by using a pump P, then filtered through the filter
201 or 202 set within the filter unit 200, then returned
through a valve V1 to the tank 102, and by repeating this
cycle, coarse particles within the slurry for polishing are
sufficiently removed, then the valve VI is closed and a
valve V2 is opened, and the slurry for polishing after the
coarse particle removal process is stored within a tank
300. Fig. 3 (a) shows a circulation type system. How-
ever, single pass type system may be used. In case of
the single pass type, the tank may be pressurized by
applying air pressure or the like for filtration instead of
using the pressure pump P.

[0057] In order to remove coarse particles from the
slurry for polishing, centrifugal separation method may
be used together. When another filter with larger pores
is used in the preceding stage as a pre-filter, the depth
type filter has less possibility of being clogged and a
longer service life.

EXAMPLES

[0058] Now, examples of the present invention will
be described.

[0059] In the following description, the water con-

tent was calculated from the loss in weight of the manu-
factured water-laden solid matter after being heated to
250°C for 20 minutes, and the bulk density was calcu-
lated based on the weight and volume of the manufac-
tured water-laden solid matter of approx. 500 g
measured in a measuring cylinder of 1000 mL.

Examples of Water-laden Solid Material
EXAMPLE-1

[0060] Aerosil #50 (SiO, powder manufactured by
the fumed process, having bulk density of 0.05 g/cm?,
manufactured by Nippon Aerosil Co., Ltd.) of 4 g was
put into a plastic beaker of 3 L, ion exchange water of
approx. 5 g was added in spray to Aerosil #50, and the
beaker was shaken for mixing.

[0061] Then, Aerosil #50 of another 4 g and ion
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exchange water of another approx. 5 g was added to the
mixture, and the beaker was shaken for mixing. By
repeating this operation, ion exchange water of approx.
50 g in total was added to Aerosil #50 of 40 g in total,
and uniform water-laden particle matter was obtained.
[0062] By further repeating the above operation,
uniform granular matter of 900 g was obtained.

[0063] The particle size of the obtained granular
matter was within a rough range of 1 to 10 mm. The par-
ticle size was measured on more than 100 particles
through optical microscopic photograph, and the meas-
ured values were averaged to obtain the average parti-
cle size of 5.5 mmd. The average water content of the
obtained granular matter was 55%, and the bulk density
thereof was 0.70 g/cm?®.

EXAMPLE-2

[0064] Aerosil #90 (SiO, powder manufactured by
the fumed process, having bulk density of 0.05 g/cm3,
manufactured by Nippon Aerosil Co., Ltd.) was used
instead of Aerosil #50, and granular matter was
obtained in the same way as EXAMPLE-1.

[0065] The particle size of the obtained granular
matter was within a rough range of 1 to 10 mm. The
average particle size thereof obtained in the same way
as EXAMPLE-1 was 6.2 mmd. The average water con-
tent thereof was 55%, and the bulk density thereof was
0.72 glcm3.

EXAMPLE-3

[0066] Aerosil #200 (SiO, powder manufactured by
the fumed process, having bulk density of 0.05 g/cm3,
manufactured by Nippon Aerosil Co., Ltd.) was used
instead of Aerosil #50, and excepting this, granular mat-
ter was obtained in the same way as EXAMPLE-1.
[0067] The particle size of the obtained granular
matter was within a rough range of 1 to 10 mm. The
average particle size thereof obtained in the same way
as EXAMPLE-1 was 6.4 mmd. The average water con-
tent thereof was 55%, and the bulk density thereof was
0.68 g/cm?.

EXAMPLE-4

[0068] Aluminum oxide (Al,O3 powder manufac-
tured by the fumed process, having bulk density of 0.05
g/cm3, manufactured by Nippon Aerosil Co., Ltd.) was
used instead of Aerosil #50, and excepting this, granular
matter was obtained in the same way as EXAMPLE-1.
[0069] The particle size of the obtained granular
matter was within a rough range of 1 to 10 mm. The
average particle size thereof obtained in the same way
as EXAMPLE-1 was 3.8 mmd. The average water con-
tent thereof was 55%, and the bulk density thereof was
0.71 g/lcmd.
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EXAMPLE-5

[0070] Nano-Tek (TiO, powder manufactured by
the metal evaporation and oxidation process, having
bulk density of 0.26 g/cm3, manufactured by C. I. Kasei
Co., Ltd.) was used instead of Aerosil #50, and except-
ing this, granular matter was obtained in the same way
as EXAMPLE-1.

[0071] The particle size of the obtained particle
matter was within a rough range of 1 to 10 mm. The
average particle size thereof obtained in the same way
as EXAMPLE-1 was 6.5 mmd. The average water con-
tent thereof was 55%, and the bulk density thereof was
0.71 glcm3.

EXAMPLE-6

[0072] Aerosil #50 of 40 g was put into a plastic
container of 20 L equipped with a Labo Mixer (a Model
Mazera Z-2100, manufactured by Tokyo Rika Kikai Co.,
Ltd.), and ion exchange water of approx. 50 g was
added in spray to Aerosil #50 while being slowly mixed.
[0073] Then, when granular mater was formed, Aer-
osil #50 of another 40 g was put into the plastic con-
tainer while being mixed, and ion exchange water of
approx. 50 g was added to the mixture in spray while
being slowly mixed.

[0074] By repeating the above operation, granular
matter composed of Aerosil #50 of 400 g in total and ion
exchange water of approx. 500 g in total was obtained.
[0075] The particle size of the obtained granular
matter was within a rough range of 1 to 12 mm. The
average particle size thereof obtained in the same way
as EXAMPLE-1 was 7.2 mmd. The average water con-
tent thereof was 55%, and the bulk density thereof was
0.71 glem3.

EXAMPLE-7

[0076] Water-laden granular matter was obtained
by using Marumerizer, a rolling granulator manufactured
by Fuji Paudal Co., Ltd.

[0077] To be specific, while rotating a rotary disk 51
(Fig. 4 (a)), Aerosil #50 was added for approx. 50 g each
time and ion exchange water was added in spray for
approx. 40 g each time, and water-laden granular mat-
ter composed of Aerosil #50 of approx. 1000 g in total
and ion exchange water of approx. 800 g in total was
obtained.

[0078] The particle size of the obtained granular
matter was within a rough range of 1 to 10 mm. The
average particle size thereof obtained in the same way
as EXAMPLE-1 was 7.5 mmd. The average water con-
tent thereof was 45%, and the bulk density thereof was
0.76 glcm3.
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Examples of the Slurry for Polishing:

EXAMPLE-8

[0079] By repeating the operation of EXAMPLE-6,
water-laden granular matter of approx. 2000 g was
manufactured.

[0080] The particle size of the obtained granular
matter was within a rough range of 1 to 12 mm. The
average particle size thereof obtained in the same way
as EXAMPLE-1 was 7.2 mmd. The average water con-
tent thereof was 55%, and the bulk density thereof was
0.71 glcm3.

[0081] The obtained water-laden solid matter of
1800 g was continuously added into a planetary
kneader (TK Hibis Disper Mix Model 3D-5, manufac-
tured by Tokushu Kika Co., Ltd.) for 8 minutes while
being kneaded by the twist blades (11a and 11b in Fig.
1) driven by the main spindle (c in Fig. 1) in rotation at
30 rpm and the sub-spindles (a and b in Fig. 1) in rota-
tion at 90 rpm.

[0082] After this addition, the water-laden solid mat-
ter was subjected to kneading for another 60 minutes by
the twist blades 11a and 11b driven by the sub-spindles
in rotation at 90 rpm and at the same time to disper
processing by rotating the sub-spindles of the Cores
type high-speed rotary blades of 50 mmg in diameter at
5000 rpm, both while rotating the respective main spin-
dle ¢ at 30 rpm. Here, the Cores type high-speed rotary
blades (not illustrated in Fig. 1) refer to comparatively
small-sized (50 mm & in this example as described in
the above) rotary blades for shearing, which are coaxi-
ally or hetero-axially provided below the twist blades
11a and 11b, and driven by sub-spindles (not illus-
trated) which are made to rotate independently of the
sub-spindles a and b of the twist blades 11a and 11b,
respectively. Here, the disper processing refers to
processing for unifying the size of the flocculated matter
ranging from several um to tens of um to under 1um.
[0083] Then, the aqueous solution of 20wt% potas-
sium hydroxide of 81 g was added to the water-laden
solid matter, and the water-laden solid matter was sub-
jected to kneading for another 60 minutes by the twist
blades 11a and 11b driven by the sub-spindles in rota-
tion at 90 rpm and at the same time to disper processing
by rotating the sub-spindles of the Cores type high-
speed rotary blades described in the above at 5000
rpm, both while rotating the respective main spindle ¢ at
30 rpm.

[0084] The slurry obtained by the above operation
was diluted with ion exchange water, and the aqueous
dispersed matter of silicon oxide of 30wt% in concentra-
tion was obtained.

[0085] By filtering the obtained aqueous dispersed
matter through Depth Cartridge Filter
(MCY1001Y050H13, manufactured by Japan Poll Co.,
Ltd.) of 5um in pore size, coarse particles were removed
therefrom.
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[0086] The average particle size of particles in the
obtained slurry of silicon oxide based on volume was
0.20um and the pH thereof was 10.6. The aqueous dis-
persed matter (= the slurry) of silicon oxide was tested
for polishing on Lapmaster LM-15 (polishing machine of
380 mm in surface plate diameter, manufactured by
Lapmaster SFT Corp.) with Pad IC1000 manufactured
by Rodel Nitta Co., Ltd. stuck over the surface plate of
the polishing machine and a silicon wafer set on the
pad.

[0087] As polishing conditions, the pressure was
233 g/cm2, the rotational speed of the surface plate was
60 rpm, the rotational speed of the head was 60 rpm,
the concentration of the silicon oxide of the slurry was
10wt%, and the supply rate of the slurry was 50 g/cm?.
[0088] As a result, there was no scratch recog-
nized. The polishing speed was 400A/min. This speed
was equivalent to the speed applied to the slurry manu-
factured from Aerosil #50 in the state of powder by using
the above equipment. When the water-laden solid mat-
ter was used, there was no dust produced while the
water-laden solid matter was being supplied into the
kneader.

PARTS LIST

[0089]

10 - Kneading bath of planetary kneader
a - Sub-spindle

11a - Mixing blade

b - Sub-spindle

11b - Mixing blade

c - Main spindle

51 - Cylinder

52 - Rotary disk

[0090] Water-laden solid matter is provided which is

obtained by adding 40 to 300 weight parts of water to
100 weight parts of inorganic oxide particles synthe-
sized by fumed process or metal evaporation oxidation
process, slurry for polishing is provided which is manu-
factured by using the water-laden solid matter, and a
method for manufacturing a semiconductor device
using the above slurry.

[0091] Said water-laden solid matter is within a
range of 0.3 to 3 g/cm3 in bulk density and within a
range of 0.5 to 100 mmgJ in average particle size when
manufactured granular.

[0092] Said slurry for polishing is manufactured
from the water-laden solid matter, and the average par-
ticle size thereof after being dispersed in water is within
a range of 0.05 to 1.0um.

Claims

1. Water-laden solid matter obtained by adding 40 to
300 weight parts of water to 100 weight parts of
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inorganic oxide particles synthesized by using
vapor-phase process.

Water-laden solid matter as claimed in Claim 1,
wherein said inorganic oxide particles are synthe-
sized by either fumed process or Nano-phase Tech-
nology's process.

Water-laden solid matter as claimed in Claim 1,
wherein said inorganic oxide particles are granular
matter within a range of 0.3 to 3 g/cm? in bulk den-
sity and within a range of 0.5 to 100 mmd in aver-
age particle size.

Slurry for polishing obtained by dispersing water-
laden solid matter obtained by adding 40 to 300
weight parts of water to 100 weight parts of inor-
ganic oxide particles synthesized by using vapor-
phase process in water so that average particle
size can be within a range of 0.05 to 1.0um after
dispersion.

A manufacturing method for water-laden granular
matter by supplying inorganic oxide particles syn-
thesized by using vapor-phase process and water
at a rate of 100 weight parts of inorganic oxide par-
ticles to 40 to 300 weight parts of water onto a
rotary disk provided at an internal bottom of a cylin-
der and repeating operation of bumping a mixture
of said inorganic oxide particles and water against
an inner wall of said cylinder to be within a range of
0.3t03 g/cm3 in bulk density and within a range of
0.5 to 100 mm in average particle size.

A manufacturing method for manufacturing a semi-
conductor device by using the slurry for polishing
according to claim 4.
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